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DETECTION OF AIRCRAFT AT VERY LOW ALTITUDES
USING OVER-THE-HORIZON F ADAR
{Confidential Title]
INTRODUCTION

The feasibility of over~tie-horizon (OTH) aircraft detection has been extensively
reported (1-7). In these previcus tests the aircraft were permitted to operate at their
normal cruising altitude of 9000 to 49,000 ft depending on the aircraft type. There are
many reasons for being able to make detections at altitudes approaching zero. To demon-
strate that OTH racar dstection capability is truly independent of altitude, arrangements
were made with NAS Patuxent River, Maryland, to deploy a P3A aircraft along a radial
path from 1400 naut mi to about 1000 naut mi on a bearing of 074° true from the radar
site at Chesapeake Beach, Maryland, Altitude for this 400-naut mi portion of the flight
was to be 100 ft. A test altituge of 100 ft was chosen becaunse it was felt that a lower
altitude would be unduly hazardous and yet 100 it would be sufficiently low to demonstrate
the capability, It is firmly believed that given sufficient speed radial to the radar site,
surface vehicles would be easily observable,

ANALYSIS OF RANGE-TIME TRACK

The equipment used in this demonstration is a coherent, pulse doppler, high-frequency
radar using the refractive properties of the ionosphere to provide beyond line-of-sight
(over~the-horizon) coverage. It is described more fully in Refs. 8-14, Although the test
portion of this demonstration encompassed only ranges from 1400 to 1000 naut mi, the
target was actually acquired at a somewhat greater range of approximately 2075 naut mi
shortly after takeoff and before reaching cruise altitude (22,000 ft). Except for periods
during which the radar was not operating {to allow changing the frequency, taking back-
scatter pictures, etc.), the P3A aireraft was tracked continuously from acquisition at
2075 naut mi, through its low-level exercises, and finally to a ground range of 749 naut mi.
Figure 1 is a computer-generated range-time plot showing the apparent ground range
versus time caleulated on the basgis of radar {or slant) range and ionospheric scalings
obtained {rom Pi. Belvoir, Virginia. An apparent ground range is calculated for each
radar data point faken during real-tir.e operation and is Jdigplayed on the plot as a circle,
square, or diamond depending on whether the ionospheric layer used in the calculations
was the ¥;, F,, or E layers, respectively. In the interest of clarity, only those paths
actually in use are shown in Fig. 1. The aciual flight path as reported by the navigater
is shown as a solid line with crosses indicating the navigator’s position determinations.

in the range segment between 1850 and 2078 naut mi, Fig. 1 shows the data points as
circles, indicating an ¥, layer propagation patn. However, this is not a true F, path. A
close examination of the launch angles and maximum useable frequencies associated with
the data points at a slightly nearer range (assigned an F; propagation mode by the com-
pater program) indicates that propagation via an extended F; mode probably continued
beyond the 185G-naut mi cutotf shown in Fig, 1. Since the computer program is based on
geometrical ray-tracing leclinigues 2nd does not consider scattering and other phenomenon
which may be especiaily important when operaling near the maximum useable frequency
{MUF), as was the case bers, the computer was unable to find an F, path for those points
beyord 1880 naut mi, although it indicated a very good nath at slightly shorter range. By
extrapolating on the basis of the F, calculations and the near-range F, already found,
relatively good range estimates can be made to allow an extension of the F, data. Thus,
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Fig. 1 - Computer-generated ground range to target,
calculated from radar data taken during real-time
operation on April 8, 1966

although they actually represent an F. propagation path, these points were based on com-~
puter calculations for the F, layer and therefore are shown with circles on Fig. 1,

Positive identificaiion of the target return was made through an identifying maneuver.
A change in the ground track from an inbound radial path to.one 30 degrees off the radial
reduced the radial component of velocity, and hence the radar doppler frequency, by a -
factor of cosine 30° (0.866). This maneuver proved quite helpful in distinguishing between
the test aircraft and other aircraft which by chance were at approximately the same range
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B and radial velocity. One par ticularly interesting nxample occurred while the observer
was attempting to reacquire the target sfter the radar had been inoperable for 30 min.to-
change the operating frequency. Althcush the radar observer knew the approxlmate radar
range and radial velocity to expect of the target aircraft, a close examination.of the range-
tire plot shown in Fig. 1 indicates that for about 30 min after radar operatior was resumed,
the radar observer was probably following a target other than the inlended low-level P3A.
This target was about 100 naut mi closer to the radar site and moving inbound at about
the same rate as the P3A aircraft. (This range differential of 100 nzut mi may appear
quite large, but at the extended ranges involved it only represents about 8 perveut.)
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The altitude of this target was assumed to be approximately 10,000 {t since essen-
tially all aircraft with the speed indicated do operate at this cruise altitude. Aftert: ack-

s e
L

5 ing this target for several minutes, the radar observer noticed a second tas get on the dis-
k- play whnich could also be the P3A. Both targets were then tracked for several minutes

E: until the test aircraft executed an identifying maneuver, causing a sudden decreise in the
seco, d target’s measured velocity. Identification was considered confirmad, and tracking
. of the first target was discontinued, Note that this identification procedure involves use
of a skin track only, whereas early methods entailed sse of beacons, transponders, etc.

.

4 . ANALYSIS OF TEMPORAL BEHAVIOR

ﬂ ‘ Considerable interest in the fading patter~s o vwrwous aircraft targets has been gen-
N erated because of the possibility of determinisy the aicitude of these targets on the basis

) of the structure of their fading patterns (6). Fuding yatterns for the low-level P3A (alti-
‘ tude 100 ft) and its companion (altitude approxrately 10,000 ft) have been examined but

: do not show any obvious structural dissimi*.. ities. However, through use of correlation
) techniques to provide a knowledge of the frz gency structure of the patterns, additional
information may be exiracted which could reveal periodicities that are a function of the
aircraft’s altitude. Additional work along thea. lines is in progress.

CONCLUSION

The traxking of low-flying aircraft has been successfully demonstrated and the detec-
tion capability is shown to be essentially the same as for flights at other altitudes.

i b

4

t RECOMMENDATIONS FOR CONTINUED INVESTIGATIONS

; It is recommended that the following ten studies be pursued in a continuing program
E of over-the-horizon (OTH) aircraft detection:

~ 1. Deterwmine the dependence of detection capsbility on ionospheric conditions, Such

a study may include the exteut and correlation in space and in time of propagation outages.
Included should be such effects as:

a. lossy ionospheric conditions, such as those caused by disturbances, magnetic
stor ns, etc.,

b. unstable ionosphere resulting in poor correlation or poor clutter rejection,
Tekis condition may be confused with the effects of operating un frequencies which are
equal to or greater than the maximum usable frequency (MUF). Therefore, a procedure
for differentiating the two effects should be developed.
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2, Determine with improved precision the accuracy of range and' aVImuth
determination; .

3. Determine if a correlation canbe found between the temporal«behamur of echoe’s' .
and altitude, speéd, or ionospherir condltxon. N i '7; -

4, Determine the accuracy of basic mnosphemc predlctlons as reflected m:‘ri,efalf
time operations. T

5. Study the apparent target refiecting area to determine its correlatmn w;th
aircraft type and backscatter echoes. A by-product will be the ability to compute ou;put
signal-to-noise ratios for a given s.¢ of conditions. .

€. Determine if the doppler frequencies of targets are affected by the range»of
detection.

7. Further studies of multiple ;argets to confirm the degpler resolution and target'
signature data already acquired,

8. Occasional multihop detections occur during the ndrmal pursuit of one-hop sur-
veillance. These should be further analyzed to detern:ine the relationship between oné-

hop and two-hop losses.
9, TFurther evaluation of the frequency band #ccupancy problem.

10. Continued experimentation to determine the relationship between line-of-sight
and OTH cross section, .

Each of the above may be helpful in revezling insufficiency of equipment design and
possibilities for improvement. 4 X L
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Naval Research Laboratory

Technical Library
Research Reports & Bibliography Unit

To: Larry Downing, DTIC

From: Darlene DeMatr, Code 5596.3

Date: 9/17/2007

Subject: Change in Classification & Distribution Statement

Please change the classifications & distribution statement on the following documents to

Unclassified/Unlimited Distribution:

ADC954564 (NRL-3703-PT-1) Declassified with no restrictions 9/11/1996

AD0348828 (NRL-5066)
AD0348901 (NRL-6037)
AD0352827 (NRL-6117)
AD0361630 (NRL-6247)
ADO377010 (NRL-6476)
AD0377011 (NRL-6485)
AD0377242 (NRL-6479)
AD0379058 (NRL-6508)
AD0379893 (NRL-6507)
AD0346383 (NRL-6015)
AD0349268 (NRL-6079)
AD0355651 (NRL-6198)
AD0368068 (NRL-6371)

Thank you,

Declassified with no restrictions 9/30/1996
Declassified with no restrictions 12/3/1996
Declassified with no restrictions 1/25/1996
Declassified with no restrictions 1/7/1997

Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassiﬂed with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
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Darlene DeMarr
(202) 767-7381
demanm@nri.navy.mil



